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SPECIFICATION 



[TITLE OF THE INVENTION] ENDOSCOPE UNIT 
[WHAT IS CLAIMED IS:] 

[Claim 1] An endoscope unit comprising: 

an imaging means for imaging a target to be observed; 

a first light source for emitting illumination light for 

illuminating the target to be observed; 

an extinction detectionmeans for detecting an extinction status 
of the first light source; 

a second light source which is turned on with a light amount 
smaller than that of the first light source based on a detection 
signal from the extinction detection means; 
a gain setting means for setting a first gain for amplifying 
image signals obtained by the imaging means and a second gain 
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higher than the first gain; and 

a changing means for changing the, gain of the image signals 
so as to amplify the image signals by the first gain when the 
first light source is on, and amplify the image signals by the 
second gain when the second light source is on. 
[Claim 2] The endoscope unit according to Claim 1, wherein a 
ratio of the first gain and the second gain is almost a 
reciprocal of the ratio of the light amount of the first light 
source and the light amount of the second light source. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[Field of the Invention] 

The present invention relates to an endoscope unit which 
turns an auxiliary light source on when a main light source 
is extinguished, and simultaneously switches the gain for image 
signals to a high value. 
[Prior Art] 

Recently, an endoscope (electronic endoscope or fiber 
scope) which enables observation and examination of internal 
body cavity organs, etc. , by inserting a thin and long inserting 
part into a body cavity has been widely used. 

Furthermore, not only for medical purposes but also for 
industrial purposes, endoscopes have been used for observation 
and examination of targets such as the insides of tubes of 
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boilers, machines, and chemical plants, or the insides of 
equipment, etc. 

Moreover, various types of electronic endoscopes using 
solid-state image pickup devices such as a charge coupled 
device (CCD), etc., as imaging means have been used. Such an 
electronic endoscope is advantageous in higher resolution and 
easier screen recording and reproduction, etc., and in addition, 
easier image processing such as image enlargement and 
comparison between two image surfaces in comparison with 
fiberscopes . 

In a case where the inside of a body cavity is observed with 
the abovementioned fiberscope and electronic endoscope, a 
light source device is connected to the fiberscope or 
electronic endoscope and illumination light is supplied from 
the light source device to the inside of the body cavity. This 
light source device guides illumination light via a light guide 
to the front end of the endoscope, and uses a xenon lamp in 
many cases since it requires a large light amount, however, 
the life of the xenon lamp is approximately 200 through 300 
hours, and some xenon lamps are extinguished in a shorter time 
(a lamp being turned on is suddenly turned off) due to quality 
variations. If the light source lamp is extinguished during 
endoscopic examination or endoscopic operation, it may cause 
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a danger involving human life. Therefore, in order to avoid 
such a danger, an emergency lamp is, generally provided inside 
the light source device separately from the light source lamp. 

Various light source devices provided with the 
abovementioned emergency lamp have been proposed. For example, 
in the prior art example shown in Japanese Unexamined Patent 
Publication No. S60-29129, an auxiliary light source is 
prepared, and when a discharge lamp serving as a main light 
source is extinguished, this auxiliary light source replaces 
the discharge lamp. 

The construction of this prior art example is schematically 
shown in Fig. 4 . In this prior art example, in a normal operation, 
a main light source turning-on circuit 2 operates in response 
to a control signal from a control circuit 1, whereby the 
discharge lamp 3 is turned on. Light from this discharge lamp 
3 passes through a lens 5 via a filter of a turret plate 4, 
and is guided to an incidence end of a light guide 6 of the 
electronic endoscope. 

The turret plate 4 comprises, as shown in Fig. 5, two mesh 
filters 4a and 4b, an infrared cut filter 4c, and an emergency 
lamp 4d, and in a normal operation, that is, when the discharge 
lamp 3 is on, one of the two mesh filters 4a and 4b is selectively 
interposed in the illumination light path in accordance with 
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the brightness of this discharge lamp 3. When the discharge 
lamp is extinguished, the extinction status is detected by an 
extinction detection circuit 11, and a signal indicating this 
is transmitted to the control circuit 1. Then, a drive signal 
is transmitted from the control circuit 1 to the motor drive 
circuit 14 and the motor 15 is rotated in response to this drive 
signal, the turret plate 4 is driven and rotated, the emergency 
lamp 4d as an auxiliary light source is interposed in the 
illumination light source and this emergency lamp 4d is turned 
on by a signal from an auxiliary light source turning-on circuit 
12. 

[Themes to be Solved by the Invention] 

In this prior art example, not only for an optical endoscope 
having an image transmitting optical system such as a 
fiberscope, but also for an electronic endoscope using a 
solid-state image pickup device, the field of view of the 
endoscope is secured by only the brightness of the auxiliary 
light source, so that a lamp such as a halogen lamp, etc., that 
requires a great power and is expensive must be used as the 
auxiliary light source, and the scale of the circuit thereof 
must also be large. 
[Object of the Invention] 

The present invention was made in view of the abovementioned 
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circumstances, and an object thereof is to provide an endoscope 
unit which can secure a field of .view of a range which can 
maintain safety by using a lamp that is inexpensive and small 
in power consumption as an auxiliary light source. 
[Means for Solving Themes] 

The endoscope unit according to Claim 1 comprises an imaging 
means for imaging a target to be observed, a first light source 
for emitting illumination light for illuminating the target 
to be observed, an extinction detection means for detecting 
an extinction status of the first light source, a second light 
source which is turned on with a light amount smaller than that 
of the first light source based on a detection signal from the 
extinction detection means, a gain setting means for setting 
a first gain for amplifying image signals obtained by the 
imaging means, and a second gain higher than the first gain, 
and a changing means for changing the gain of the image signals 
so as to amplify the image signals by the first gain when the 
first light source is on and to amplify the image signals by 
the second gain when the second light source is on. 

The endoscope unit according to Claim 1 changes, based on 
a detection signal from the extinction detection means, the 
gain for the image signals by the changing means so that image 
signals are amplified by the first gain when the first light 
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source is on, and image signals are amplified by the second 
gain when the second light source, is on. 

Furthermore, in the endoscope unit according to Claim 2, 
the ratio of the first gain and the second gain in the endoscope 
unit according to Claim 1 is set to almost a reciprocal of the 
ratio of the light amount of the first light source and the 
light amount of the second light source. 

In the endoscope unit according to Claim 2, the level of 
the image signals obtained when the first light source is on 
and the level of the image signals obtained when the second 
light source is on are almost equal to each other. 
[Preferred Embodiments] 

Hereinafter, embodiments of the invention are described 
with reference to the accompanying drawings. 

Fig. 1 and Fig. 2 relate to a first embodiment of the 
invention, wherein Fig. 1 is a block diagram showing the 
construction of an endoscope unit, and Fig. 2 is a drawing 
showing the entirety of the endoscope unit. 

As shown in Fig. 2, an endoscope unit 21 comprises an 
endoscope 22, a light source device 23 for supplying 
illumination light to the endoscope 22, a control device 24 
for processing output signals from the endoscope 22, and a 
monitor 25 for displaying video signals outputted from the 
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control device 24 on a screen. 

The endoscope 22 comprises a thin and long inserting part 
27, a thick-diameter manipulating part 28 continuously 
provided at the rear end side of the inserting part 27, and 
a universal cord 29 with a light guide and a signal cable 
installed inside. 

At the front end side of the inserting part 27, a hard front 
end part 31 is provided, and a bending part 32 that is bendable 
is provided at a rear side adjacent to the front end part 31. 
Furthermore, at the rear side of this bending part 32, a 
flexible soft part 33 is continuously provided. The bending 
part 32 can be bent upward, downward, leftward, and rightward 
by manipulating a bending manipulation knob 34 provided at the 
manipulating part 28. 

At the rear end of the universal cord 29, a connector 36 
for a light guide and signals is provided, and is simultaneously 
connected to the light source device 23 and the control device 
24. Then, the light source device 23 and the control device 
24 are connected by a signal cable 38 whose both ends are 
provided with connectors 37. 

In Fig. 1, the connector 36 connected to the light source 
device 23 is provided with an incidence end face 42 of a light 
guide 41 formed of a fiber bundle. This light guide 41 is 



-8- 




inserted through the inside, of the universal cord 29, the inside 
of the manipulating part 28, and the inside of the inserting 
part 27. Inside the light source device 23, a discharge lamp 
43 as a main light source is provided, and on the optical path 
connecting this discharge lamp 43 and the incidence end face 
42 of the light guide 41, a turret plate 4 and a condenser lens 
45 are provided. 

The turret plate 4 has the same construction as that of the 
prior art shown in Fig. 5, and as mentioned above, it comprises 
two mesh filters 4a and 4b, an infrared cut filter 4c, and an 
emergency lamp 4d as an auxiliary light source, and normally, 
one of the two mesh filters 4a and 4b is selected according 
to the brightness of the discharge lamp 43 and interposed in 
the illumination light path. 

Light emitted from the discharge lamp 43 passes through 
either one of the mesh filters 4a and 4b provided on the turret 
plate 4, and is then condensed onto the incidence end face 42 
of the light guide 41 through the condenser lens 45, and guided 
to the front end part 31 of the endoscope 22 through this light 
guide 41 and exits from there, and thereafter, radiation of 
the light is applied to a subject. 

On the other hand, at the front end part 31, an objective 
lens 47 is provided, and a CCD 48 is provided at an image forming 
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position of this objective lens 47. Then, an image of reflected 
light from the subject of the irradiated light is formed on 
the CCD 48 through the objective lens 47 and photoelectrically 
converted into electrical image signals. The image signals are 
inputted into an amplifying circuit 49 as an amplifying means. 
Inside this amplifying circuit 49, a gain changeover switch 
50 as a gain switching means is provided. This gain changeover 
switch 50 is turned on in a normal operation, that is, when 
the main light source is on, and is turned off when the main 
light source is extinguished. The gain of the amplifying 
circuit 4 9 is set to approximately 9 times when the gain 
changeover switch 50 is on, and is set to approximately 100 
times when the switch is off. Outputs of this amplifying circuit 
4 9 are inputted into a process circuit that is not shown and 
converted into video signals. 

The light source device 23 comprises a main light source 
turning-on circuit 51 for turning the discharge lamp 43 on, 
an extinction detection circuit 53 as an extinction detection 
means for detecting, when the discharge lamp 43 is extinguished, 
the extinction status, an auxiliary light source turning-on 
circuit 54 for turning the emergency lamp 4b on when the 
extinction status of the discharge lamp 43 is detected by this 
extinction detection circuit 53, a motor 56 for driving and 
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rotating the turret plate 4 to interpose the emergency lamp 
4b in the illumination light path, ,a motor control circuit 57 
for controlling the motor 56, and a control circuit 52 for 
controlling the main light source turning-on circuit 51, the 
auxiliary light source turning-on circuit 54, and the motor 
control circuit 57. 

Next, actual operations of the first embodiment constructed 
as mentioned above are described. 

In a normal operation, the main light source turning-on 
circuit 51 operates in response to a control signal from the 
control circuit 52, whereby the discharge lamp 43 is turned 
on. Light from this discharge lamp 43 passes through either 
one of the mesh filters 4a and 4b provided on the turret plate 
4 and then condensed onto the incidence end 42 of the light 
guide 41 by the condenser lens 45, the light is guided to the 
front end part 31 of the electronic endoscope 22 by this light 
guide 41 and exits from there and irradiates the subject . Then, 
an image of light reflected from the subject of this 
illumination light is formed on the CCD 48 by the objective 
lens 47 and converted into electrical image signals by this 
CCD 48. Then, the image signals are inputted and amplified by 
the gain switching circuit 49 to be approximately 9 times, and 
thereafter, the image signals are inputted into a process 
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circuit that is not shown and converted into video signals. 

When the discharge lamp is extinguished, the extinction 
detection circuit 53 detects the extinction status of the 
discharge lamp 43 and transmits a signal indicating this to 
the control circuit 52. This control circuit 52 transmits, in 
response to this signal, a control signal to the motor drive 
circuit 57, controls the motor 56 and rotates the turret plate 
4, whereby the emergency lamp 4b is interposed in the 
illumination light path and turned on by the auxiliary light 
source turning-on circuit 54. At the same time, the gain 
changeover switch 50 inside the amplifying circuit 49 is turned 
off in response to a signal from the control circuit 52 . Thereby, 
the gain of this amplifying circuit 49 is switched to 100. 

In the first embodiment, in order to realize downsizing and 
cost reduction, a lamp with a brightness of approximately 1/10 
of that of the discharge lamp -is used as the auxiliary light 
source, so that the light amount of the illumination light is 
small. In order to compensate this small light amount, as 
mentioned above, the gain for the image signals is set to 
approximately 10 times that in an on status of the discharge 
lamp so that an image from the electronic endoscope can be 
recognized. The S/N ratio of the image signals deteriorates 
due to such gain switching, however, the emergency lamp is used 
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in a case where the discharge lamp is extinguished, and is used 
only in extraction of the endoscope ,or in minor emergency cases 
during operations, so that this deterioration does not pose 
a problem. 

As mentioned above, according to the invention, when the 
discharge lamp is extinguished, the emergency lamp is turned 
on and the gain for image signals is switched to be higher 
simultaneously, whereby the field of view of the endoscope can 
be secured even by an emergency lamp whose output is low in 
comparison with the output of the discharge lamp. 

Fig. 3 shows a second embodiment of the invention. This 
second embodiment is obtained by applying the invention to an 
endoscope using an RGB frame sequential method, wherein the 
light source device 23 of the first embodiment is provided with 
a diaphragm part 61 for adjusting the light amount of light 
emitted from the discharge lamp 43, a diaphragm control circuit 
62 for controlling the diaphragm part 61, a lens 63 for 
penetrating light the amount of which has been adjusted by the 
diaphragm part 61, a rotating filter 61 for separating the light 
from this lens 63 into wavelength bands of R, G, and B, 
respectively, a motor 65 for driving and rotating this rotating 
filter 64, a rotation control circuit 66 for controlling the 
rotation of this motor 65, a motor 67 for moving the rotating 
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filter 64 from the inside of the illumination light path, and 
a movement control circuit 68 for controlling the movement of 
the rotating filter 64 by controlling this motor 67. 

This second embodiment has the same construction as that 
of the first embodiment except that the abovementioned circuits 
are provided, and the same components are attached with the 
same symbols for description. 

In a normal operation, light emitted from the discharge lamp 
43 passes through the infrared filter 4c of the turret plate 
4 and is narrowed by the diaphragm part 61 that is controlled 
by the diaphragm control circuit 62, and then the light 
penetrates the lens 63 and is separated by means of time series 
into wavelength bands of R, G, and B by the rotating filter 
64 that is driven and rotated by the motor 65, and condensed 
to the incidence end face 42 of the light guide 41 by the 
condenser lens 45, and thereafter, the light is guided to the 
front end part 31 of the electronic endoscope 22 by this light 
guide 41 and exits from there and irradiates the subject as 
RGB frame sequential illumination light. Then, of this 
illumination light, an image of light reflected from the 
subject is formed on the CCD 48 by the objective lens 47 and 
converted into electrical image signals by this CCD 48. The 
image signals are inputted into the amplifying circuit 4 9 and 
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amplified to approximately 9 times, and then inputted into a 
process circuit that is not shown, and converted into video 
signals . 

When the discharge lamp 43 is extinguished, through the same 
operations as in the first embodiment, the gain of the gain 
switching circuit 49 is switched to 100. 

In addition, in order to increase the light amount as much 
as possible, the diaphragm part 61 is fully opened in response 
to a control signal from the diaphragm control circuit 62, and 
in response to a signal outputted from the movement control 
circuit 68, the motor 67 is rotated and the rotating filter 
64 is deviated from the illumination light path. 

When the rotating filter 64 is deviated from the illumination 
light path, a color image is not obtained, however, this does 
not pose a problem since the emergency lamp is used only for 
extraction of the scope or minor emergency cases during 
operation as mentioned above when the discharge lamp is 
extinguished. 

As described above, according to the invention, in an 
electronic endoscope unit using an RGB frame sequential method, 
by deviating the rotating filter from the illumination light 
path and fully opening the diaphragm when the discharge lamp 
is extinguished, the light amount is increased and bright 
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images can be obtained. 

The second embodiment is described by taking a frame 
sequential method as a color imaging method, however, the 
invention is not limited to this, and the invention can also 
be applied to a simultaneous method in which a color filter 
array is provided on the front surface of the CCD. 

The abovementioned respective embodiments describe a type 
in which a light source device and a control device are 
separately provided, however, they may be united together. 

Furthermore, the invention is applicable not only to the 
electronic endoscope units of the abovementioned respective 
embodiments, but also to a combination of a fiberscope and an 
externally-attached camera. 
[Effects of the Invention] 

According to the endoscope unit as set forth in Claim 1, 
image signals obtained when the second light source is on whose 
light amount is smaller than that of the first light source 
are amplified by a second gain higher than a first gain, so 
that images with a brightness that involves no safety hazard 
can be secured. 

Furthermore, according to the endoscope unit as set forth 
in Claim 2, in a case where an obtained image is observed by 
an observer through a monitor, etc. , even when the first light 
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source is switched to the second light source with a smaller 
light amount, the level of image signals obtained when the first 
light source is on and the level of image signals obtained when 
the second light source is on can be made almost equal to each 
other, so that the observer can capture images on the monitor 
without uncomf ortableness . 
[BRIEF DESCRIPTIONI OF THE DRAWINGS] 

Fig. 1 and Fig. 2 relates to the first embodiment of the 
invention, wherein Fig. 1 is a block diagram showing the 
construction of the endoscope unit, Fig. 2 is an explanatory 
view showing the entirety of the endoscope, and Fig. 3 is a 
block diagram showing the construction of the endoscope unit 
of the second embodiment of the invention. Fig. 4 and Fig. 5 
relate to the prior art example, wherein Fig. 4 is a block 
diagram showing the construction of the endoscope light source 
device of the prior art example, and Fig. 5 is a drawing showing 
the construction of the turret plate. 
21: endoscope unit, 23: light source device 
43: discharge lamp, 49: amplifying circuit 
50: gain changeover switch 

51: main light source turning-on circuit, 52: control circuit 

53: extinction detection circuit 

54: auxiliary light source turning-on circuit 
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56: motor 

57: motor control circuit 



-18- 



Fig. 1 




Fig. 2 



Fig 



31 32 33 27 







Light source 




device 




Control 




device 



6 



Fig. 4 



2 
A. 



Main light 
source 
turnlng-on 
circuit 




Extinction 
detection 

circuit 



•If 



Auxiliary 
light source' 
turning-on , 
circuit 



rtotor 

drive 

circuit 



Control 
circuit 



12 



14 



Fig. 3 



Dlaphra 
■gm 
control 
circuit 



-62 



Main light 
source 
turnlng-on 
circuit 



■J3 



43 



53" 



Extinction 
detection 
circuit 



6I 63^> 



Motor 



I 



^56 4d 



54 



Auxiliary 
fight! 
turnlng-on 
circuit 



U 



==3 64 



Move 



X 



52 ! 



Control 
circuit 



65, 



\ Motor 




67 68' 



Movement 
control 
circuit 



1-23 



57 



Motor drive 
circuit 



66 



Rotation 

control 

circuit 




